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High power millimeter wave output from a gyrotron is 
transmitted through a corrugated waveguide system and 
injected by a quasi-optical antenna system. The injection 
angle is controlled by a steering mirror whose elevation and 
azimuth angle can be set independently. The injection 
polarization can be controlled by setting a set of rotation 
angles of the corrugated plates with the depth of 1/4 and 1/8 
A. installed in the waveguide transmission system. These 
setting angles have been controlled independently until the 
end of third cycle experimental campaign using the remote 
control system. The details of the remote control system 
have been reported1>. Due to the complexity of the 
configurations of the transmission system and quasi-optical 
antenna system, the setting of the antenna angles and 
polarizer rotation angles are not straightforward. 
Furthermore, the definition of the injection parameters on 
the frame of the LHD magnetic configuration is necessary. 
The actual quick selection and setting of these angles are 
required depending on the various experimental purposes. 
We have developed integrated antenna and polarization 
control system to fulfill these requirements. In order to 
perform effective local heating by the electron cyclotron 
waves, it is necessary to select more effective heating mode 
on the resonance among two eigen modes in the plasma. The 
desired polarization state to excite the effective mode is 
determined by the angle between injection and magnetic 
field directions at the interface of the injected beam to the 
plasma. The polarization state is also the function of the 
local electron density and magnetic field strength at the 
interface. The polarization state at the interface is controlled 
by the combination of rotation angles of two polarizers and 
antenna angles. As an example, the scheme to determine 
antenna angles and rotation angles of the polarizers is 
described hereafter, along with the automatic setting mode 
of this integrated control system. Given the magnetic field 
configuration and the magnetic field strength, the optimum 
antenna setting angles can be determined using a 
geometrical configuration of the steering antenna. The more 
effective heating mode assumes 0-mode for the 
fundamental resonance heating and X-mode for the higher 
harmonic resonance heating. Here, the optimum injection 
assumes the radially inner heating as possible. Once the 
injection angle of the beam is determined, the local 
magnetic field strength and the angle between injection and 
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magnetic field direction at the interface of the plasma can be 
calculated assuming that the interface surface coincides with 
the last closed flux surface. Using such derived magnetic 
field strength, the angle and the mode, the necessary 
polarization state can be calculated by the cold plasma 
dispersion relation. Here, the mode mixture effect due to the 
small shear scale length and the interface smearing effect at 
the last closed flux surface are neglected. This polarization 
state is projected back to the polarizers. A set of rotation 
angles is selected so as the output polarization state to be 
close to the projected one for the given polarizer 
configuration and the reasonably linear polarization input 
from the gyrotron. Manual setting modes are also included 
in the control system. In the manual setting of antenna angle 
mode, the injection angle is manually given as a coordinate 
of the target on the mid-plane for vertical antenna or vertical 
plane for a horizontal antenna. Once the injection angle is 
determined, the antenna angels and the set of rotation angles 
of the polarizers can be calculated just as the automatic 
mode. This mode will be useful for the experiments of off 
axis heating or oblique injection, especially, current drive. 
While, in the manual setting of polarization mode or all 
manual setting mode, the polarization state is given 
manually as a direction of polarization ellipse (a) and the 
ellipticity ( /3 ), show Fig1., the angle a is defined by 
direction of the longer axis of the polarization ellipse taking 
the projected toroidal direction on the plane perpendicular to 
the propagation as a reference. This mode will be powerful 
for the experiment investigating the polarization effects. 
e,,oloidal 
Figl. Definition of a , {3 of polarization on the plane 
perpendicular to the propagation. 
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